Background Infection after total knee arthroplasty (TKA) can result in disastrous consequences. Previous research regarding injections and risk of TKA infection have produced conflicting results and in general have been limited by small cohort size. Questions/purposes The purpose of this study was to evaluate if intraarticular injection before TKA increases the risk of postoperative infection and to identify if time between injection and TKA affect the risk of TKA infection. Methods The Humana data set was reviewed from 2007 to 2014 for all patients who received a knee injection before TKA. Current Procedural Terminology (CPT) codes and laterality modifiers were used to identify patients who underwent knee injection followed by ipsilateral TKA.
Revision/CPT codes that represent two infectious endpoints: any postoperative surgical site infection (encompasses all severities of infection) and operative intervention for TKA infection (surrogate for deep TKA infection). The injection cohort was stratified into 12 subgroups by monthly intervals out to 12 months corresponding to the number of months that had elapsed between injection and TKA. Risk of postoperative infection was compared between the injection and no injection cohorts. In total, 29,603 TKAs (35%) had an injection in the ipsilateral knee before the TKA procedure and 54,081 TKA cases (65%) did not. The PearlDiver database does not currently support line-by-line output of patient data, and so we were unable to perform a multivariate analysis to determine whether other important factors may have varied between the study groups that might have had a differential influence on the risk of infection between those groups. However, the Charlson Comorbidity index was no different between the injection and no injection cohorts (2.9 for both) suggesting similar comorbidity profiles between the groups. Results The proportion of TKAs developing any postoperative infection was higher among TKAs that received an injection before TKA than in those that did not (4.4% versus 3.6%; odds ratio [OR], 1.23; 95% confidence interval [CI], 1.15-1.33; p \ 0.001). Likewise, the proportion of TKAs developing infection resulting in return to the operating room after TKA was also higher among TKAs that received an injection before TKA than those that did not (1.49% versus 1.04%; OR, 1.4; 95% CI, 1.3-1.63; p \ 0.001). Month-by-month analysis of time between injection and TKA revealed the odds of any postoperative infection remained higher for the injection cohort out to a duration of 6 months between injection and TKA (ORs ranged 1.23 to 1.46 when 1-6 months between injection and TKA; p \ 0.05 for all) as did the odds of operative intervention for TKA infection when injection occurred within 7 months of TKA (OR ranged from 1.38 to 1.88 when 1-7 months between injection and TKA; p \ 0.05 for all). When the duration between injection and TKA was longer than 6 or 7 months, the ORs were no longer elevated at these endpoints, respectively. Conclusions Injection before TKA was associated with a higher risk of postoperative infection and appears to be time-dependent with closer proximity between injection and TKA having increased odds of infection. Further research is needed to better evaluate the risk injection before TKA poses for TKA infection; a more definitive relationship could be established with a multivariate analysis to control for other known risk factors for TKA infection. Level of Evidence Level III, therapeutic study.
Introduction
Osteoarthritis of the knee is a common musculoskeletal disorder affecting nearly 27 million adults in the United States [10] . Treatment of patients with knee osteoarthritis relies mainly on symptom management because there are no current disease-modifying treatments available for this disease. As a result, intraarticular knee injections with corticosteroid, hyaluronic acid, or other formulations have commonly been used as a means of knee osteoarthritis symptom management. It has been estimated that approximately 30% of patients have received an intraarticular corticosteroid injection before TKA [11] . The efficacy and safety of these injections have been relatively well studied in native knees with a Cochrane review finding intraarticular corticosteroids to provide some symptom relief in the short term (2-4 weeks) with no clinically important response in the long term and no major safety issues detected [1] . However, the American Academy of Orthopaedic Surgeons recently released their updated clinical practice guidelines for treatment of osteoarthritis of the knee and those guidelines did not recommend for or against the use of corticosteroid injection for patients with symptomatic osteoarthritis of the knee (recommendation 8), but they made a strong recommendation against use of hyaluronic acid injections for knee osteoarthritis symptoms (recommendation 9) [8] . Nonetheless, the effects these injections can have on outcomes after TKA, specifically risk of TKA infection, have not been well characterized. Given the devastating and costly consequences of TKA infection [14] , it is of utmost importance to better understand whether injection of a native knee before TKA increases the risk of subsequent infection.
Previous research on TKA infection after recent corticosteroid injection has been relatively limited with conflicting results [3-5, 9, 15] . Of these studies, two raised concern for increased infection rates after TKA in patients with previous injection [3, 15] . However, given that the risk of infection after TKA is estimated to be approximately 0.8% to 3% [2, 7, 12, 16, 19] , these studies are underpowered with only one of these studies having more than 100 patients with corticosteroid injections before TKA included in the analysis. The recent study by Cancienne et al. [3] . These are very important data but they are somewhat limited in their broad applicability given that they were drawn from a Medicare-only population, they were limited by how the definitions of TKA infection were coded, and the study had only a 3-month interval analysis of the effects of timing between injection and TKA.
Given these limitations and the discrepant results with the prior underpowered studies, the purpose of the present study was to analyze a large database of commercially insured patients of all age groups to answer the following study questions: (1) Does injection before TKA increase the risk of postoperative TKA infection? (2) Does the amount of time between preoperative injection and TKA affect the proportion of patients who develop a postoperative TKA infection?
Materials and Methods
The PearlDiver Research Program (www.pearldiverinc. com; PearlDiver Inc, Fort Wayne, IN, USA) was used to query the Humana Inc administrative claims database for the information presented in this study. The Humana Inc data set is an administrative claims database consisting of medical insurance claims on procedures, diagnoses, inpatient encounters, and outpatient encounters to Humana Health Insurance from approximately 16 million covered lives. The data set includes both private/commercially insured as well as data from patients who elected to purchase their Medicare Advantage plans (Medicare Part C) through Humana Health Insurance. Medicare Parts A and B data are not included within this data set because this only includes data obtained from this specific commercial insurer. All data within this database are Health Insurance Portability and Accountability Act-compliant and were thus deemed exempt by the University of Iowa Human Subjects Office from institutional review board approval. The Humana Inc administrative claims database was queried for right and left primary TKA cases using the Current Procedural Terminology (CPT) code 27447 and laterality modifiers. Laterality designation was determined from billing modifiers included in the CPT coding of TKA and injection (CPT 20610) procedures; thus, records without laterality designation were not extracted from the database with this query and therefore not included in the analysis. Using Boolean coding within the database, the right and left TKA cohorts were further divided into injection and no injection cohorts based on whether or not an ipsilateral injection had been performed within 1 year before TKA. If a right TKA had underwent an injection on the right within 1 year before right TKA, this was included in the cohort-designated injection cohort. If a right TKA had no history of injection in the ipsilateral knee within 1 year before surgery, this TKA was included in the no injection cohort. The same filtering for history of ipsilateral injection before TKA versus no injection was applied to the left TKA cohort. The right and left injection cohorts were then each stratified into 12 subgroups by monthly intervals out to 12 months corresponding to the number of months that had elapsed between injection and TKA.
A retrospective cohort study design was used for this study given that the cohorts were defined by exposure (injection or no injection) and tracked longitudinally for the occurrence of a TKA infection. It should be noted that current CPT coding does not allow differentiation of anatomic site of injection and the CPT code 20610 used in this study includes all major joints (shoulder, hip, and knee). Additionally, as a result of the nature of the coding, the specific contents of the injection (corticosteroid, hyaluronic acid, etc) are not known. It was estimated by the PearlDiver program that approximately 91.4% of patients undergoing primary TKA remain active within the Humana data set at a minimum of 6 months after their TKA.
Each cohort was then queried for basic demographic data (age, sex) and Charlson Comorbidity Index (CCI) was calculated by the PearlDiver Research Program for both cohorts. Additionally, the primary diagnosis associated with the insurance claims linked to the TKAs in this study was identified. Given that a single procedure often has multiple insurance claims linked to that procedure, and each claim has a primary diagnosis, there are more primary diagnoses than number of TKAs. Therefore, the top five primary diagnoses for each cohort are presented as a percentage of the total primary diagnoses for that specific cohort.
The risk of postoperative surgical site infection and TKA infection resulting in operative intervention was then established using Boolean coding to identify the occurrence of an International Classification of Diseases, 9th Revision (ICD-9) and/or CPT code within 6 months of the index right or left TKA that represents these outcome measures. The variable designated postoperative surgical site infection was defined by the following ICD-9/CPT codes and was designed to encompass all severities of surgical site infection: ICD-9 99859 (other postoperative infection [ie, stitch abscess, wound infection]), 99851 (infected postoperative seroma), 99666 (infection and inflammatory reaction resulting from internal joint prosthesis), 8604 (incision and drainage of skin and subcutaneous tissue), 8006 (arthrotomy for removal of prosthesis without replacement, knee), 0084 (revision of total knee replacement, tibial liner), and CPT 27488 (removal of prosthesis, including total knee prosthesis, methylmethacrylate with or without insertion of spacer, knee), 10180 (incision and drainage, complex, postoperative wound infection), 20005 (incision and drainage of soft tissue abscess, subfascial), 27310 (arthrotomy, knee, with exploration, drainage, or removal of foreign body [ie, infection]), 11981 (insertion, nonbiodegradable drug delivery implant [ie antibiotic cement spacer]), and 29871 (arthroscopy, knee, surgical; for infection, lavage, and drainage). The variable designated operative procedure for TKA surgical site infection was created from a subset of the ICD-9/CPT codes used for the variable postoperative surgical site infection (CPT 27488, 10180, 20005, 27310, 11981, 29871 and ICD-9 8604, 8006, 0084) that represented an operative procedure for TKA infection. This variable was created to more specifically identify deep postoperative TKA infection by including only operative ICD-9/CPT codes to eliminate superficial, conservatively managed infection (ie, stitch abscess, cellulitis, etc).
All data analyses were performed using of SAS software (Version 9.4; SAS Institute, Cary, NC, USA). The chi square test was applied for categorical variables to determine significant differences, whereas an independent twosample t-test was used for continuous variables. ORs with corresponding 95% confidence intervals (CIs) were used to compare incidence of postoperative infection. These were calculated based on the number of TKAs with infection in the injection cohort compared with those in the no injection cohort relative to the noninfected TKA cases for each group. ORs were calculated for the infectious endpoints for the two cohorts as a whole and for each interval of the subgroup analysis. Statistical significance was set at p \ 0.05 for all tests.
In 
injection within 1 year before TKA (Fig. 1) . The sex distribution was approximately two to one for both cohorts with 63% female and 38% male in the no injection cohort and 67% and 33% female and male in the injection cohort, respectively (p \ 0.001). The PearlDiver database does not currently support line-by-line output of patient data, and so we were unable to perform a multivariate analysis to determine whether other important factors may have varied between the study groups that might have had a differential influence on the risk of infection between those groups. However, the CCI was no different between the injection and no injection cohorts (2.9 for both) suggesting similar comorbidity profiles between the groups. The average age at the time of TKA for both cohorts fell within the 65-to 69-year-old age group. The no injection cohort had a higher percentage of patients in the age group 55 to 69 years, whereas the injection cohort had more patients in the 70-to 89-year age group ( Evaluation of the data to determine the point in time at which there was no longer an association between injection and postoperative TKA infection found the cutoff point to be 6 months for the endpoint of any postoperative surgical site infection and 7 months for the endpoint of TKA infection resulting in operative intervention (Tables 2 and  3 ). When the injection occurred within 6 months of TKA, the incidence of any postoperative infection ranged from 4.4% to 5.2% depending on time between injection and TKA compared with 3.59% for those who did not receive an injection (OR, 1.23-1.46; p \ 0.05 for all; Table 2 ). Similarly, when injection occurred within 7 months of TKA, the incidence of operative intervention for infection ranged from 1.38% to 1.88% depending on the time interval analyzed compared with 1.04% for those who did not have an injection (OR, 1.33-1.83; p \ 0.05 for all; Table 3 ; Fig. 2 ).
Once the duration between injection and TKA was longer than 6 or 7 months, depending on the respective infectious endpoint, the ORs for TKA infection were no longer higher for the injection cohort (Tables 2, 3) .
Discussion
Approximately 30% of patients have received an intraarticular injection before TKA [11] . Whether an intraarticular injection increases the risk of infection after TKA has not been extensively studied with most data on the subject being extremely limited by small cohort size [4, 5, 9, 15] . Only one other large database study has been performed on this subject [3] ; however, limitations from a Medicare-only population, selected coding for definitions of TKA infection, and only a 3-month interval analysis of the effects of timing between injection and TKA in that report suggested the need for the further research performed here to better understand the possible association between injection and TKA infection. Thus, the purpose of this study was to identify if the risk of postoperative infection is increased after preoperative knee injection and if time between injection and TKA is consequential to this risk by analyzing a large database of privately insured patients from all age groups. In the present study, the odds of any postoperative TKA infection were higher in patients with a history of injection before ipsilateral TKA than those without as were the odds of infection requiring operative intervention after TKA. Analysis of timing between injection and TKA demonstrated that the increased risk of infection associated with the injection was no longer present once the injection was performed more than 6 or 7 months before TKA depending on the respective infectious endpoint. This study had a number of limitations. First, the PearlDiver database does not currently support line-by-line output of patient data; thus, a multivariate analysis was unable to be performed to control for other known risks of postoperative TKA infection. It seems possible, if not likely, that those who received injection were different from those who did not, perhaps in important ways. For example, one can imagine surgeons trying to delay surgery in patients who have diabetes, morbid obesity, severe vascular disease, smoking, or other conditions that might increase the risk of infection. However, similar CCI scores in both groups give us some reassurance that there were not substantial differences in overall medical comorbidities between the study groups. Additionally, although there was a slightly lower percentage of males in the injection cohort relative to the no injection cohort, the authors feel that this is unlikely to clinically impact the conclusions of this study given that the injection cohort still had a higher risk of infection despite male sex having been demonstrated to be an independent predictor of TKA infection [6, 14, 18] . Further demographic limitations include confounding effects from differences in underlying diagnosis for the TKA. However, both cohorts had the same top five diagnoses and the injection cohort had slightly less diagnoses of rheumatoid arthritis, which would have been most likely to confound the results given that patients with inflammatory arthritis are more prone to infection.
Also, the limitations that apply to administrative claims database projects naturally apply here, in particular the study's dependence on proper coding and documentation. Although the accuracy of this specific administrative claims data set has not been formally studied, some studies detailing the sensitivity of administrative claims data for detecting orthopaedic-specific complications or revision surgery have been performed. For example, a systematic review published by Singh et al. [17] summarized validated coding algorithms to identify orthopaedic hip and knee arthroplasty revision procedures from administrative claims data with sensitivity and specificity ranging from 77.7% to 87.2% and 97.6% to 99.0%, respectively. Additionally, a study by Murphy et al. [13] assessed the use of claims data in identifying infection 6 months after anterior cruciate ligament (ACL) reconstruction. They reported a sensitivity of 75% for infection management procedure codes in identifying postoperative ACL infection and a sensitivity of 68% when using only infection diagnosis codes to identify ACL infections [13] . Another limitation with administrative claims data is potential fluctuation within that data set from patients entering and leaving the insurance provider during the time period of the study. Although the fluctuation within this specific cohort is not known, it has been estimated that approximately 91.4% of patients remain active within Humana administrative claims database at least 6 months after primary TKA. An additional limitation is that Health Insurance Portability and Accountability Act-compliant databases are unable to report exact numbers when the value of the endpoint of interest lies between 0 and 10, thus limiting detailed analysis of smaller cohorts. Given that the cohorts in this study are quite large, this limitation likely had little effect on the outcomes of the study. Additional limitations include inability to obtain culture-positive documentation of deep TKA infection; however, the authors believe operative intervention for TKA infection serves as an appropriate surrogate for this essential endpoint. Arguably the largest limitation to this study is that current CPT coding does not allow differentiation of anatomic site of injection and the CPT code 20610 used in this study includes all major joints (shoulder, hip, and knee). However, given that the sequence of major joint injection followed by ipsilateral TKA in patients with symptomatic knee pain (assumed based on the need for TKA) was confirmed for all patients in the injection cohort, the authors feel that assuming the vast majority of these injections included in this analysis occurred in the knee is a valid assumption. Lastly, the specific medication injected into the knee is not available within the data set. However, despite this information not being available, the data still allow for conclusions to be made regarding the impact an injection itself before TKA may have on the risk of postoperative infection. Although the risk of any postoperative infection is slightly higher than that reported from other large database studies, it is important to note that this risk is for infection occurring out to 6 months postoperatively as opposed to the initial hospital stay or the first postoperative month, which is the timeframe many large databases are limited to.
We found only five other studies that investigated risk of TKA infection after intraarticular steroid injection [3-5, 9, 15] . Of these studies, four were underpowered given the relatively low frequency of postoperative TKA infection with only 64 to 250 patients included in the analysis, likely contributing to the discrepant results found within these studies [4, 5, 9, 15] . Among these five studies, there was only one other large database study that had a large enough cohort to sufficiently evaluate the risk of TKA infection after intraarticular injection. This study was performed by Cancienne et al. [3] , who analyzed 35,890 unique Medicare patients undergoing primary TKA. In general, the findings of the present study corroborated those of Cancienne et al. [3] who reported an increased odds of infection at both 3 and 6 months after TKA for patients with a history of ipsilateral knee injection within 3 months before TKA (ORs of 2.0 and 1.5 for those time points, respectively). They reported no difference in infection risks if the injection had occurred 3 to 6 months or 6 to 12 months before TKA [3] . Although these results are overall supportive of results in our study, limitations with this analysis necessitated further research on this topic to better characterize the risk injection may pose to TKA infection. The study by Cancienne et al. [3] was performed on a Medicare-only cohort, thus limiting the broader applicability of their results to the younger population and the non-Medicare demographic of patients undergoing TKA. Additionally, the analysis of the Humana data set allowed for a larger number of TKA cases in both the injection and noninjection cohorts, thus further increasing the power of this analysis. Furthermore, as a result of the manner in which the data from Medicare are provided to PearlDiver for research, the tracking of patients before 2010 within the Medicare data is limited to tracking in 3-month time blocks, thus preventing a more detailed month-by-month analysis of the effects of time between injection and TKA and the subsequent risk of TKA infection. Lastly, the authors of the present study believe the use of two different definitions of infection (all postoperative TKA infections and operative intervention for infection), as opposed to one inclusive definition, allows for a more detailed analysis of the effects injection may have on TKA infection, specifically the use of a definition limited to operative intervention of infection, which presumably helps to eliminate the inclusion of small wound complications that are likely captured in the more inclusive definitions used in Cancienne et al.'s [3] study and the present study's definition of all postoperative TKA infection as evidenced by the higher risk of infection identified with these endpoints. Nonetheless, both the current study and the study by Cancienne et al. [3] have adequately raised concern for the effect a preoperative injection may have on the risk of TKA infection and have identified an important relationship in need of further research.
The data from this current study suggest that there is an increased risk of postoperative TKA infection when patients have undergone an ipsilateral knee injection before undergoing primary TKA. The risk of postoperative infection also appears to be time-dependent with closer proximity between injection and TKA having a higher odds of infection out to a 6-to 7-month duration between injection and TKA. If time between injection and TKA becomes longer than 6 to 7 months, we found no increased risk of infection after subsequent TKA. Despite these findings, further research is needed to better clarify this relationship between injection and TKA infection, which would best be studied with a multivariate analysis to control for other known risk factors for TKA infection or with a prospective, multicenter study design.
